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 The Priority
The International Joint Commission’s Groundwater Priority for the current
biennial cycle is:
"Based on work conducted by the Science Advisory Board (SAB),
the Board recommended in its 1991 report that the Commission
issue a Special Report to Governments on the urgency of
addressing groundwater contamination in the basin. Commission
staff will compile information on the nature, extent, and urgency of
groundwater contamination in the basin. This information will be
prepared in the form of a summary document which will be
circulated to the SAB, Water Quality Board (WQB) and others for
review and comment. Based on this review, the Commission will
consider a special report to Governments using material assembled
under this priority work element. Additional funds may be sought
from various sources if it is clear that there is need and scope for
more work."
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1
.0
I
N
T
R
O
D
U
C
T
I
O
N
Thi
s r
epo
rt
wa
s w
rit
ten
in
res
pon
se
to
the
Int
ern
ati
ona
l J
oin
t C
om
mi
ss
io
n’
s
(Co
mmi
ssi
on)
pri
ori
ty
on
gro
und
wat
er
for
the
199
1-1
993
bie
nni
al
cyc
le.
A
bro
ad
spe
ctr
um
of
gro
und
wat
er
inf
orm
ati
on
has
bee
n r
evi
ewe
d b
y s
taff
, a
nd
con
sul
tat
ion
s w
ith
gro
und
wat
er
ex
pe
rt
s
ar
ou
nd
th
e
Gr
ea
t
La
ke
s
ba
si
n
we
re
co
nd
uc
te
d.
1.
1
Ov
er
vi
ew
of
Re
po
rt
Thi
s r
epo
rt
is o
rga
niz
ed
int
o ﬁ
ve
sec
tio
ns.
Sec
tio
n 1
pro
vid
es
a c
hro
nol
ogy
of
the
Co
mm
is
si
on
’s
inv
olv
eme
nt
in
gr
oun
dwa
te
r
iss
ues
an
d a
n o
ver
vie
w o
n t
he
nee
d f
or
the
de
ve
lo
pm
en
t o
f a
fr
am
ew
or
k t
o c
ons
ide
r g
ro
und
wat
er
con
tam
ina
tio
n,
foc
usi
ng
on
its
imp
lic
ati
ons
for
Gr
ea
t L
ak
es
wa
te
r q
ual
ity
,
an
d
pr
op
os
es
an
ap
pr
oa
ch
as
to
ho
w
the
Co
mm
is
si
on
mi
gh
t p
ro
ce
ed
.
Se
ct
io
n 2
des
cri
bes
gr
ou
nd
wa
te
r
as
a c
om
po
ne
nt
of
the
hyd
rol
ogi
c c
ycl
e i
n t
he
Gre
at
La
ke
s b
asi
n,
bot
h i
n t
erm
s o
f w
ate
r q
uan
tit
y a
nd
qua
lit
y.
Sec
tio
n 3
pro
vid
es
an
ass
ess
men
t o
f t
he
nat
ure
, e
xte
nt
an
d u
rge
ncy
of
sel
ect
ed
gro
und
wat
er
iss
ues
wi
th
par
tic
ula
r a
tte
nti
on
to
the
lin
kag
es
be
tw
ee
n c
on
ta
mi
na
te
d g
ro
un
dw
at
er
an
d
pol
lut
ion
of
the
Gr
ea
t L
ak
es
.
Se
ct
io
n 4
lis
ts
per
tin
ent
co
nc
lu
si
on
s
an
d o
bse
rva
tio
ns,
wh
il
e
Se
ct
io
n
5
lis
ts
th
e
ci
te
d
li
te
ra
tu
re
.
1.2 Chronology
Gr
ou
nd
wa
te
r w
as
ﬁrs
t s
pec
iﬁc
all
y a
ddr
ess
ed
in
the
Gre
at
La
ke
s W
at
er
Qua
lit
y
Ag
re
em
en
t i
n 1
98
7
(A
nn
ex
16)
.
Ho
we
ve
r,
the
re
we
re
ear
lie
r a
tte
mpt
s b
y
the
Co
mm
is
si
on
to
lin
k g
ro
un
dw
at
er
to
Gr
ea
t
La
ke
s
wa
te
r q
ual
ity
.
The
197
2 P
oll
uti
on
fro
m L
and
Use
Act
ivi
tie
s R
efe
ren
ce
giv
en
to
the
Com
mis
sio
n b
y
the
Par
tie
s p
ro
vi
de
d
an
op
po
rt
un
it
y
for
pr
el
im
in
ar
y
gr
ou
nd
wa
te
r w
or
k
in
sev
era
l p
ilo
t
wat
ers
hed
stu
die
s,
as
wel
l a
s a
n e
xam
ina
tio
n o
f g
rou
ndw
ate
r-r
ela
ted
iss
ues
suc
h a
s m
in
e
tai
lin
gs,
was
te
dis
pos
al
an
d l
and
ﬁll
sit
es,
an
d t
he
use
ofb
ioc
ide
s,
fer
til
ize
rs
an
d r
oad
dei
cin
g
sal
ts
in
the
Gre
at
La
ke
s b
asi
n.
Th
e c
hem
ica
l q
ual
ity
of
gro
und
wat
er
in
the
bas
in
wa
s
fo
und
to
be
gen
era
lly
go
od
an
d o
f n
ear
-na
tur
al
co
nd
it
io
n e
xc
ep
t f
or
loc
al
are
as
of
chl
ori
de
an
d
nit
rat
e c
on
ta
mi
na
ti
on
.
In
its
ﬁn
al
rep
ort
un
de
r t
he
Re
fe
re
nc
e (
198
0),
the
Co
mm
is
si
on
id
en
ti
ﬁe
d
the
loc
ati
on
an
d o
pe
ra
ti
on
of
ha
za
rd
ou
s w
as
te
dis
pos
al
sit
es
as
a
se
ver
e p
ro
bl
em
,
an
d
no
te
d t
hat
lea
cha
te
fr
om
im
pr
op
er
ly
de
si
gn
ed
or
ma
na
ge
d
lan
dﬁl
ls
per
col
ate
s d
ow
n
to
co
nt
am
in
at
e
gr
ou
nd
wa
te
r.
It
wa
s
on
ly
to
wa
rd
the
en
d o
f t
hes
e s
tud
ies
tha
t s
cie
nti
sts
be
ga
n t
o
ex
pr
es
s
co
nc
er
ns
tha
t c
om
po
un
ds
su
ch
as
ni
tr
og
en
fer
til
ize
rs
an
d
pes
tic
ide
s m
ig
ht
be
ent
eri
ng
an
d c
ont
ami
nat
ing
gr
oun
dwa
te
r o
n a
bro
ad
sca
le.
Gr
ou
nd
wa
te
r
po
ll
ut
io
n h
as
be
en
a r
ec
ur
ri
ng
th
em
e
in
th
e
re
po
rt
s
of
th
e
Co
mm
is
si
on
’s
Gr
ea
t
La
ke
s
Sc
ie
nc
e
Ad
vi
so
ry
Bo
ar
d
(S
AB
or
Bo
ar
d)
an
d
its
pr
ed
ec
es
so
r,
the
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d,
sin
ce
we
ll
be
fo
re
the
19
87
Pr
ot
oc
ol
ofﬁ
cia
lly
ad
de
d g
ro
un
dw
at
er
to
the
Gr
ea
t L
ak
es
Wa
te
r
Qu
al
it
y A
gr
ee
me
nt
.
In
19
78
,
wh
il
e
no
t i
den
tif
yin
g g
ro
un
dw
at
er
sp
ec
iﬁ
ca
ll
y,
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
re
co
mm
en
de
d
tha
t t
he
Pa
rt
ie
s
re
co
gn
iz
e t
he
ne
ed
for
an
ec
os
ys
te
m a
pp
ro
ac
h
to
pr
ob
le
m
ide
nti
ﬁca
tio
n,
re
se
ar
ch
an
d m
an
ag
em
en
t i
n t
he
Gr
ea
t
Lakes basin.
 In
198
2,
the
SA
B s
pec
iﬁc
all
y r
eco
mme
nde
d t
hat
gro
und
wat
er
res
our
ces
of t
he G
rea
t
Lak
es
bas
in
be
stu
die
d t
o d
ete
rmi
ne
pot
ent
ial
con
tam
ina
tio
n r
out
es
via
this
sou
rce
and
to
esta
blis
h a
ppr
opr
iat
e m
iti
gat
ive
mea
sur
es.
In t
he f
oll
owi
ng
year
, t
he B
oar
d r
eco
mme
nde
d
that:
0
juri
sdic
tion
s s
hou
ld
pro
vid
e d
etai
led
map
pin
g a
nd
anal
ysis
of a
rea
s o
f po
tent
ial
con
cer
n i
n or
der
to a
sses
s th
e ex
ten
t o
f g
rou
ndw
ate
r c
ont
ami
nat
ion
;
O
cla
ssi
fic
ati
on
of
was
te
dis
pos
al
site
s a
cco
rdi
ng
to
pro
xim
ity
to
str
eam
s,
lak
es
and
areas of aquifer recharge be completed;
0
sam
pli
ng
met
hod
s a
nd
mon
ito
rin
g st
rate
gies
be
dev
elo
ped
; a
nd
O
gro
und
wat
er
res
ear
ch
cap
abi
lit
ies
be
dev
elo
ped
in
ord
er
to
imp
rov
e t
he
und
ers
tan
din
g
of t
ran
spo
rt m
ech
ani
sms
of t
oxic
sub
sta
nce
s t
o th
e a
quif
ers
and
the
lake
s.
Thi
s w
as
fol
low
ed,
in
198
5,
by
a r
eco
mme
nda
tio
n t
hat
a h
ydr
oge
olo
gic
inv
ent
ory
of
the
Gre
at
Lak
es
bas
in
be
und
ert
ake
n t
o a
sse
ss
the
pot
ent
ial
for
con
tam
ina
tio
n v
ia
gro
und
wat
er.
In
198
7 t
he
SA
B a
gai
n a
ler
ted
the
Com
mis
sio
n t
o t
he
gen
era
l l
ack
of
gro
und
wat
er
kno
wle
dge
and
pro
vid
ed
a s
umm
ar
y o
f it
s e
arl
ier
rec
omm
end
ati
ons
.
In
198
7,
an
agr
eem
ent
was
rea
che
d b
etw
een
the
Com
mis
sio
n’s
Uni
ted
Sta
tes
Sec
tio
n
and
the
Uni
ted
Stat
es
Geo
log
ica
l S
urv
ey
to c
o—s
pon
sor
a s
tud
y t
o id
enti
fy,
map
and
ana
lyz
e
gro
und
wat
er
res
our
ces
of t
he G
rea
t L
ake
s b
asin
.
The
stu
dy
was
init
iate
d to
assi
st t
he
Com
mis
sio
n a
nd
the
Uni
ted
Stat
es
Gov
ern
men
t i
n de
ter
min
ing
the
pote
ntia
l f
or
gro
und
wat
er
to c
ont
ami
nat
e th
e G
rea
t L
ake
s.
Of
spec
ial
inte
rest
to t
he C
omm
iss
ion
was
spat
ial
dat
a
pertaining to pesticide applications.63
The
Boa
rd’
s 1
989
rep
ort
ref
err
ed t
o th
e s
pec
iﬁc
gro
und
wat
er—
rel
ate
d a
ctiv
itie
s t
he
Part
ies
had
agr
eed
to u
nde
rta
ke
in A
nne
x 1
6 o
f th
e G
rea
t L
ake
s W
ate
r Q
ual
ity
Agr
eem
ent
,
as a
men
ded
by
the
198
7 P
rot
oco
l.
It a
lso
sum
mar
ize
d t
he c
onc
lus
ion
s a
nd
rec
omm
end
ati
ons
of
a w
ork
sho
p o
n "
Ass
ess
ing
the
Pot
ent
ial
for
Gre
at
Lak
es
Con
tam
ina
tio
n v
ia
Gro
und
wat
er"
hel
d a
t t
he
Uni
ver
sit
y o
f W
ate
rlo
o,
Ont
ari
o i
n 1
989
by
the
Boa
rd’
s T
ech
nol
ogi
cal
Com
mit
tee
.
The
Tec
hno
log
ica
l C
omm
itt
ee
fou
nd
tha
t t
he
198
5 S
AB
rep
ort
had
bee
n
sub
sta
nti
all
y i
gno
red
, a
nd
not
ed
wit
h c
onc
ern
an
alm
ost
tot
al
lac
k o
f C
ana
da-
US.
coo
per
ati
on
and
coo
rdi
nat
ion
in
gro
und
wat
er
mon
ito
rin
g a
nd
res
ear
ch
wit
hin
the
Gre
at
Lak
es
basin.
A
full
cha
pte
r i
n t
he
199
1 S
cie
nce
Adv
iso
ry
Boa
rd
rep
ort
was
dev
ote
d t
o a
rev
iew
of
gro
und
wat
er
in
the
Gre
at
Lak
es
bas
in.
In
it t
he
Boa
rd
exp
res
sed
con
cer
n t
hat
pro
ble
ms
wer
e
not
bei
ng
add
res
sed
an
d t
hat
An
ne
x
16
wa
s n
ot
bei
ng
imp
lem
ent
ed.
Th
e B
oa
rd
re
co
mm
en
de
d t
hat
the
Par
tie
s a
nd
jur
isd
ict
ion
s a
dop
t t
he
re
co
mm
en
da
ti
on
s f
ro
m t
he
19
89
workshop.
Oth
er
tha
n r
efe
ren
ces
in
197
4 a
nd
197
5 t
o d
eep
wel
l d
isp
osa
l o
f l
iqu
id
was
tes
and
the
pos
sib
le
con
seq
uen
ces
for
aqu
ife
rs,
the
ﬁrs
t s
ign
iﬁc
ant
ref
ere
nce
to
gr
oun
dwa
te
r i
n r
epo
rts
of
the
Gr
ea
t L
ak
es
Wa
te
r Q
ual
it
y B
oa
rd
(W
QB
) a
ppe
are
d i
n 1
989
.
It
re
co
mm
en
de
d t
hat
the
Par
tie
s c
oor
din
ate
exi
sti
ng
pr
og
ra
ms
an
d c
ont
rol
con
tam
ina
ted
gr
oun
dwa
te
r a
ffe
cti
ng
the
-5-
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
bou
nda
ry
wat
ers
of t
he G
rea
t L
ake
s b
asi
n a
nd
sou
rce
s o
f th
at c
ont
ami
nat
ion
, a
nd
rep
ort
pr
og
re
ss
to
wa
rd
re
me
di
at
io
n
an
d
re
st
or
at
io
n.
1.3
Ne
ed
for
the
Dev
elo
pme
nt
of
a F
ra
me
wo
rk
for
Con
sid
eri
ng
Gro
und
wat
er
Contamination Issues
Mu
ch
of
wha
t i
s k
no
wn
tod
ay
abo
ut
gro
und
wat
er
in
the
Gre
at
Lak
es
bas
in
is a
t th
e
loc
al
wat
er
sup
ply
lev
el.
Ye
t g
ro
und
wat
er
inﬂ
uen
ces
the
reg
ion
al
hyd
rol
ogi
c c
ycl
e b
eca
use
it
is
par
t o
f t
he
Gre
at
La
ke
s b
asi
n’s
lar
ger
nat
ura
l s
yst
em,
the
hyd
rog
eol
ogi
c c
ycl
e.
Thi
s
sec
tio
n p
rov
ide
s a
ske
tch
of
imp
ort
ant
fac
tor
s a
nd
lin
kag
es
per
tin
ent
to
gro
und
wat
er
qua
lit
y
an
d
its
si
gn
if
ic
an
ce
fo
r
th
e
Gr
ea
t
La
ke
s.
Th
er
e i
s a
n i
ncr
edi
bly
co
mp
le
x w
eb
of
phy
sic
al,
che
mic
al
an
d b
iol
ogi
cal
int
err
ela
tio
nsh
ips
fro
m a
nd
am
on
g h
um
an
act
ivi
ty,
thr
oug
h a
qui
fer
s,
to
obs
erv
ed
or
inf
err
ed
imp
act
s o
n t
he
bo
un
da
ry
wat
ers
.
Th
e p
ert
ine
nt
eco
sys
tem
goe
s b
ey
on
d t
he
bio
phy
sic
al
to
inc
lud
e i
mpo
rta
nt
soc
io-
eco
nom
ic
and
ins
tit
uti
ona
l i
ssu
es,
sin
ce
the
cau
ses
and
imp
lic
ati
ons
of
gr
oun
dwa
te
r p
oll
uti
on
are
lar
gel
y a
nth
rop
oge
nic
.
Wh
il
e s
mal
l s
egm
ent
s o
f t
he
sys
tem
ma
y b
e s
egr
ega
ted
for
spe
cif
ic
ana
lyt
ica
l p
urp
ose
s,
ult
ima
tel
y t
hey
can
not
be
reg
ard
ed
as
ind
epe
nde
nt
an
d t
he
ent
ire
sys
tem
mu
st
be
rec
ogn
ize
d i
n o
rde
r t
o t
rac
e c
aus
e-e
ffe
ct
relationships.
The
eco
sys
tem
app
roa
ch
is a
sys
tem
ati
c w
ay
to
dea
l w
ith
vex
ing
eco
sys
tem
pro
per
tie
s.‘
Use
d i
ter
ati
vel
y,
it c
an
res
cop
e o
ur
deﬁ
nit
ion
s o
f a
n e
cos
yst
em’
s s
tru
ctu
ral
and
pro
ces
s f
eat
ure
s (
suc
h a
s t
hos
e f
or
gro
und
wat
er)
, a
s v
ari
ous
"wi
ndo
ws"
of
kno
wle
dge
rev
eal
mo
re
sig
nif
ica
nt
con
nec
tio
ns
tha
n h
ad
pre
vio
usl
y b
ee
n t
ake
n i
nto
acc
oun
t.
Us
in
g a
n e
co
sys
te
m a
ppr
oac
h t
o e
sta
bli
sh
a b
roa
d f
ra
me
wo
rk
doe
s n
ot
req
uir
e,
how
eve
r,
tha
t a
ll
asp
ect
s o
f i
t b
e d
esc
rib
ed
in
det
ail
.
Ou
r k
no
wl
ed
ge
is
not
sta
tic
an
d w
e
nee
d n
ot
be
inh
ibi
ted
by
inf
orm
ati
on
gap
s e
lse
whe
re
in
the
fra
mew
ork
.
As
ne
w k
now
led
ge
enr
ich
es
the
gro
und
wat
er
fra
mew
ork
’s
con
ten
t,
cri
ter
ia
wil
l b
e n
eed
ed
to
foc
us
on
sig
niﬁ
can
t
con
nec
tio
ns.
Cri
ter
ia
for
obs
erv
ati
on
(th
e "
win
dow
s"
we
cho
ose
to
loo
k t
hro
ugh
) w
ill
aff
ect
our
vie
ws
of
gro
und
wat
er
and
the
gro
und
wat
er
iss
ues
tha
t a
re
rai
sed
.
Exp
lic
it
obs
erv
ati
on
cri
ter
ia
wil
l e
nab
le
eac
h s
tak
eho
lde
r t
o b
e a
kn
owl
ed
ge
ab
le
par
tic
ipa
nt
in
foc
usi
ng
on
the
sig
niﬁ
can
t c
onn
ect
ion
s a
nd
gap
s t
her
ein
.
Su
ch
a f
ra
me
wo
rk
cou
ld
als
o p
rov
ide
a w
ay
to
des
cri
be,
rat
ion
ali
ze
an
d p
rio
rit
ize
nee
ds
for
res
ear
ch
an
d p
ro
gr
am
fun
din
g,
an
d p
rov
ide
the
bas
is
for
est
abl
ish
ing
ne
w p
oli
cie
s.
In
its
inf
anc
y t
he
fr
am
ewo
rk
, a
t t
he
ver
y l
eas
t,
cou
ld
 
C.S
. H
oll
ing
and
oth
ers
hav
e n
ote
d,
fou
r p
rop
ert
ies
det
erm
ine
ho
w e
col
ogi
cal
sys
tem
s r
esp
ond
to
cha
nge
:
I
the
par
ts
of
an
eco
log
ica
l s
yst
em
are
con
nec
ted
to
eac
h o
the
r i
n a
sel
ect
ive
wa
y t
hat
has
imp
lic
ati
ons
for what should be measured;
I
eve
nts
are
not
uni
for
m o
ver
spa
ce;
thi
s h
as
imp
lic
ati
ons
for
ho
w i
nte
nse
imp
act
s w
ill
be
and
whe
re
they will occur;
I
sha
rp
shi
fts
in
beh
avi
our
are
nat
ura
l f
or
ma
ny
eco
sys
tem
s:
thu
s t
rad
iti
ona
l,
pre
dic
tiv
e m
eth
ods
of
ass
ess
men
t o
r m
oni
tor
ing
ca
n m
isr
epr
ese
nt
the
se
shi
fts
an
d m
ak
e t
he
m s
ee
m u
nex
pec
ted
or
per
ver
se;
and
I
var
iab
ili
ty,
not
con
sta
ncy
, i
s a
fea
tur
e o
f e
col
ogi
cal
sys
tem
s t
hat
con
tri
but
es
to
the
ir p
ers
ist
enc
e a
nd
to
the
ir
sel
f-m
oni
tor
ing
and
sel
f-c
orr
ect
ing
cap
aci
tie
s,
con
tra
ry
to
hu
ma
n t
end
enc
ies
.
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 pro
vid
e t
he
basi
s f
or a
com
pre
hen
siv
e m
app
ing
of i
ssue
s t
o be
exp
lor
ed
ove
r t
ime,
and
pla
ce
the
m i
n th
e st
ill
larg
er c
ont
ext
of e
nvi
ron
men
tal
and
eco
sys
tem
issu
es
in g
ene
ral
.
In
def
ini
ng
a f
ram
ewo
rk,
the
link
s b
egi
n w
ith
con
cep
tua
l r
elat
ions
hips
, a
ide
d in
som
e
cas
es b
y d
ata.
In m
ost
case
s, a
tte
mpt
s at
link
ing
the
se
rela
tion
ship
s w
ith
in
a f
ram
ewo
rk
will
leav
e mo
re q
uest
ions
than
answ
ers
and
will
requ
ire
furt
her
refi
neme
nt a
nd d
ebat
e.
Figu
re
1.3.
1 de
pict
s ma
jor
piec
es o
f th
e "g
roun
dwat
er p
uzzl
e" a
nd t
he a
ctio
n ca
tego
ries
that
mus
t be
cons
ider
ed b
y re
sour
ce m
ana
ger
s an
d ot
hers
whe
n tr
ying
to i
nteg
rate
the
piec
es.
The
conc
lusi
ons
and
reco
mmen
dati
ons
of ea
rlier
Comm
issi
on t
ask f
orces
, no
tabl
y tho
se
conc
erni
ng t
he c
olla
tion
and
anal
ysis
of a
gro
undw
ate
r da
taba
se,
and
othe
r in
form
atio
n as
it
bec
ome
s av
aila
ble
shou
ld a
lso
be c
onsi
dere
d fo
r in
clus
ion.
Furt
her,
effo
rts
shou
ld f
ocus
on
deve
lopi
ng a
com
pre
hen
siv
e fr
ame
wor
k,
perh
aps
usin
g th
e ec
osys
tem
mod
el b
eing
deve
lope
d
by t
he C
ounc
il o
f Gr
eat
Lak
es R
esea
rch
Man
age
rs a
ppli
ed t
o a
spec
ific
geog
raph
ical
regi
on.
The
curr
ent
basi
c da
ta a
bout
aqui
fer
geo
gra
phy
wou
ld b
e a
goo
d pl
ace
to s
tart.
1.4 A Proposed Approach
The
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
stip
ulat
es t
he u
se
of
an
eco
sys
tem
appr
oach
to p
lann
ing,
but
does
not
prov
ide
spec
ific
guid
ance
on h
ow
gro
undw
ate
r (a
n
inte
gral
par
t o
f th
e G
rea
t L
ake
s B
asi
n E
cos
yst
em)
sho
uld
be
fac
tor
ed
into
suc
h a
n a
ppr
oac
h.
Ann
ex
16 t
o th
e Ag
ree
men
t ad
dres
ses
gro
undw
ate
r in
the
cont
ext
of d
irec
t gr
ound
wate
r
con
tam
ina
tio
n.
The
Agr
eem
ent
con
tai
ns
no
gui
del
ine
s to
hel
p e
nsu
re
that
an
und
ers
tan
din
g i
s
dev
elo
ped
of h
ydr
oge
olo
gy
and
sub
sur
fac
e b
iol
ogy
to p
rev
ent
gro
und
wat
er
con
tam
ina
tio
n.
A
syst
emat
ic a
ppro
ach
to u
nder
stan
d, m
onit
or a
nd,
to t
he e
xten
t po
ssib
le,
cont
rol
poll
utio
n
fro
m c
ont
ami
nat
ed
gro
und
wat
er
sou
rce
s n
eed
s c
lear
er d
efin
itio
n.
The
inte
grit
y of
the
Grea
t La
kes
Basi
n Ec
osy
ste
m is
, fo
r th
e fo
rese
eabl
e fu
ture
,
thre
aten
ed b
y a
lack
of c
omp
reh
ens
ive
stud
y, p
olic
y an
d sy
stem
ic g
uida
nce.
An
abse
nce
of
man
age
men
t or
piec
emea
l ma
nag
eme
nt a
nd s
tudi
es (
whe
n th
ere
are
stud
ies
at a
ll) h
ave
com
bin
ed t
o re
veal
an o
min
ous
pict
ure
of a
n ec
osys
tem
at ri
sk.
Gro
und
wat
er
is i
mpor
tant
to
eco
syst
em i
nteg
rity
, bu
t to
o lit
tle a
tten
tion
has
bee
n pa
id t
o it.
The
evid
ence
we
have
gath
ered
sho
ws t
here
is ri
sk i
n co
ntin
uing
to n
egle
ct t
his
com
pon
ent
of t
he e
cosy
stem
.
Bina
tion
al c
oope
rati
on i
s ur
gent
ly n
eed
ed t
o im
pro
ve t
he "
dyn
ami
c de
scri
ptio
n" a
nd
und
ers
tan
din
g o
f gr
oun
dwa
ter
’s
stat
us i
n th
e G
rea
t L
ake
s b
asin
.
The
dev
elo
pme
nt
of a
bina
tion
ally
coor
dina
ted
kno
wle
dge
base
and
poli
cy g
uida
nce
on g
roun
dwat
er a
s pa
rt o
f th
e
larg
er e
cos
yst
em
wou
ld
gre
atl
y i
mpr
ove
cha
nce
s f
or
imp
lem
ent
ati
on
of r
equ
ire
d p
rev
ent
ive
,
rem
edi
al
and
res
ear
ch
nee
ds
for
this
"out
-of-
sigh
t,
out
-of
-mi
n "
res
our
ce.
We
are
con
vin
ced
that
prio
rity
atte
ntio
n s
hou
ld
be
giv
en
by
the
Com
mis
sio
n a
nd
by
gov
ern
men
ts
to d
eve
lop
a
bett
er u
nde
rst
and
ing
of g
rou
ndw
ate
r c
ont
ami
nat
ion
in t
he G
rea
t L
ake
s b
asin
.
Fur
the
r de
lay
could result in even more intractable problems.
At
the
ver
y l
east
, a
n i
mme
dia
te
adv
iso
ry
to
the
Par
tie
s t
o t
he
Agr
eem
ent
wou
ld
be
app
rop
ria
te.
Giv
en
suc
h k
now
led
ge,
Gov
ern
men
ts
may
dec
ide
the
que
sti
on
sho
uld
be
add
res
sed
in a
bin
ati
ona
l co
nte
xt,
or m
ay
wis
h t
o us
e t
he C
omm
iss
ion
as a
veh
icl
e to
hel
p
ens
ure
that
suf
ﬁci
ent
coo
rdi
nat
ed
foc
us
is g
ive
n b
y t
he r
equi
site
tec
hni
cal
and
pol
icy
bod
ies
.
The
adv
ise
rs
of
the
Com
mis
sio
n,
in
the
ir
pre
lim
ina
ry
loo
k t
hro
ugh
a v
ery
few
win
dow
s,
hav
e c
onc
lud
ed
tha
t b
ina
tio
nal
app
lic
ati
on
of
the
eco
sys
tem
app
roa
ch
to
l
’
l
’
l
‘
l
’
l
‘
l
’
l
l
l
’
l
l
I
"
I
'
l
l
I
I
l
 
 gro
und
wat
er
is o
ver
due
.
Fur
the
r i
nves
tiga
tion
s o
f th
e s
ubje
ct,
usi
ng
poi
nts
of v
iew
pro
vid
ed
by
the
Com
mis
sio
n’s
bin
ati
ona
l p
ers
pec
tiv
e,
wou
ld
assi
st i
n de
vel
opi
ng
tim
ely
rati
onal
e fo
r
groundwater ecomanagement.
in
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2.0 GROUNDWATER, A COMPONENT OF THE GREAT LAKES HYDROLOGIC
CYCLE
Groundwater is an important, though often overlooked, component of the Great Lakes
hydrologic cycle, both in terms of water quantity and quality. Although the underground
movement of water is believed to be a major pathway for the transport of pollutants to the
Great Lakes, most aquifers in the basin are not well defined. Approximately 14.8 million
residents or 39% of the Great Lakes basin population depend on groundwater for their
drinking water (Table 2.0.1). Most localities which do depend on an aquifer as the source of
drinking water have little knowledge of the aquifer’s boundaries, how it is recharged, its
potential yield, or how it is connected to other aquifers and ultimately to the Great Lakes.
Table 2.0.1 Sources of Drinking Water in the Great Lakes Basin
State or Total Population Population Percentage
Province Population Served by Served by Served by
in Basinl Surfacewater Groundwater Groundwater
Systems2 Systems3 Systems
Illinois 5,779,600 2,996,700 2,782,900 48
Indiana 1,699,300 603,400 1,095,900 64
Michigan 9,239,800 6,212,800 3,027,000 33
Minnesota 320,700 90,300 230,400 72
New York 4,377,800 2,883,200 1,494,600 34
Ohio 5,227,500 3,123,900 2,103,600 40
Ontario4 7,784,800 5,994,300 1,790,500 23
Pennsylvania 381,000 220,800 160,200 42
Wisconsin 3,206,900 1,083,900 2,123,000 66
Great Lakes
Basin Total 38,017,400 23,209,300 14,808,100 39
1Total population in all counties with any land in the Great Lakes basin; from "U.S. Great Lakes: Drainage
Basin County Summary", U.S. EPA, Great Lakes National Program, July 1990.
2Estimated Basin population served by surface water systems, obtained from U.S. Geological Survey. 1987.
National Water ng 1987 — Hydraulic Events and Water Supply and Use. Water Supply Paper 2350.
3Estimated Basin Population that is served by groundwater based systems, obtained from U.S. Geological
Survey, [bid.
4Ontario ﬁgures from Toxic Chemicals in the Great Lakes and Associated Effects, March 1991, Environment
Canada, Department of Fisheries and Oceans, and Health and Welfare Canada.
Grou
ndwa
ter
may
disc
harg
e via
natur
al pa
thwa
ys di
rectl
y to
the G
reat
Lake
s an
d co
nnec
ting
channels, indirectly as part of tributary ﬂow, or by a variety of anthropogenic pathways
(Fig
ure 2
.0.2)
. G
roun
dwat
er t
hus
form
s a s
igni
ﬁcan
t co
mpon
ent
of th
e con
stant
or "b
ase"
-10-
 flow
of ri
vers
in th
e Gr
eat
Lake
s bas
in.
Whil
e es
timat
es of
grou
ndwa
ter
disc
harg
e to
the
Grea
t La
kes
are c
rude
at be
st, t
hey
indic
ate,
for e
xamp
le,
that
the c
ombi
ned
direc
t an
d
indirect discharge is approximately equivalent to the mean monthly flow in the St. Marys
River, which is 2,125 m3/sec (~75,000 cfs).
Acnﬂ ram recharge to
ground water and
Sortace water
  
 
  
    
 
Airborne sullur
‘ and nitrogen
"J W
corno
ounds
I
w Vt
Urban ' __ I
runo" Induslnal ’
im
po
un
dm
en
ls
Ha
za
rd
ou
s
waste dumoslles
  
  
  
 
 
   
\y ,7 '4'“? PQSIICIGQS and
‘ fertilizers
4g mowed
\ road salt
 
Municipal
wile! supply -
  
| lnhltrahonlo
I ground water
Not dllwﬂ to )cllo
Figu
re 2
.0.2
Anth
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s of
Gro
und
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atio
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The location and characteristics (i.e. composition, permeability, extent) of aquifers in
the
Grea
t La
kes
basi
n ar
e no
t we
ll d
efin
ed.
The
y pr
ovid
e di
rect
subs
urfa
ce l
inka
ges
bet
wee
n
gro
und
wat
er
and
the
Gre
at
Lak
es
or c
onn
ect
ing
cha
nne
ls.
For
exa
mpl
e:
tho
ugh
not
quan
tifi
ed,
upw
ell
ing
s o
f g
rou
ndw
ate
r i
nto
the
lake
s -—
part
icul
arly
in
zone
s of
tect
onic
frac
ture
s an
d hi
gh h
ydra
ulic
cond
ucti
vity
-— p
roba
bly
repr
esen
t
significant inﬂows;
gro
undw
ate
r is
disc
harg
ed d
irec
tly
to t
he N
iaga
ra R
iver
thro
ugh
frac
ture
s al
ong
the N
iaga
ra G
orge
, ca
rryi
ng wi
th it
cont
amin
ants
from
landf
ill s
ites
adjac
ent t
o
the river;
gro
und
wat
er e
nter
s Gr
een
Bay
and
Lak
e Mi
chi
gan
fro
m a
frac
ture
d do
lomi
te
aqu
ife
r b
ene
ath
the
Doo
r P
eni
nsu
la
of
Wis
con
sin
;64
grou
ndwa
ter
is co
nduc
ted
thro
ugh
ances
tral
glaci
al ch
anne
ls s
uch a
s the
250—
foot
(75-
metr
e) b
urie
d va
lley
bene
ath
Detr
oit,
whi
ch c
onne
cts
with
the
Detr
oit
Rive
r
and
the
St.
Dav
id’
s b
uri
ed
gor
ge
/ re
-ent
rant
in t
he N
iag
ara
Esc
arp
men
t
extending beneath the sediments of Lake Ontario;65
gro
und
wat
er
ﬂow
s t
hro
ugh
a s
and
aqu
ife
r i
nto
Tra
ver
se
Bay
, c
ont
rib
uti
ng
contaminants to Lake Michigan.66
Gro
und
wat
er
also
indi
rect
ly e
nter
s th
e Gr
eat
Lak
es a
s a
sign
iﬁca
nt p
art
of t
he b
ase
ﬂow
of t
ribu
tary
stre
ams.
Whi
le p
reci
se ﬁ
gur
es
are
unav
aila
ble,
the
long
-ter
m av
erag
e di
scha
rge
of t
ribu
tari
es t
o th
e la
kes
is es
tima
ted
to r
ough
ly e
qual
3,00
0 m3
/sec
(~
106,
000
cfs)
on t
he
US.
side
and
2,3
00 m
3/se
c (
~ 81
,00
0 cf
s) o
n th
e Ca
nad
ian
side
of t
he b
asin
. E
stim
ates
of
the
prop
orti
on o
f st
rea
mﬂo
w or
igin
atin
g as
gro
undw
ate
r ra
nge
fro
m 20
perc
ent
in a
reas
of
low
perm
eabi
lity
to 6
0 pe
rcen
t or
mor
e in
sand
y so
ils.
A 1
979
stud
y of
the
sand
y Hi
llm
an
Cre
ek w
ater
shed
near
Lea
min
gto
n,
Onta
rio
esti
mate
s gr
ound
wate
r co
ntri
buti
ons
to b
e as
high
as 80% during major storm events.62
Con
tam
ina
ted
gro
und
wat
er
also
ﬁnd
s i
ts w
ay
to t
he G
rea
t L
ake
s a
nd
the
con
nec
tin
g
chan
nels
thro
ugh
a va
riet
y of
anth
ropo
geni
c pa
thw
ays
thro
ugho
ut t
he b
asin
. Ex
amp
les
of
sour
ces
and
pat
hwa
ys i
nclu
de:
aba
ndo
ned
or d
eter
iora
ting
sewe
rage
infr
astr
uctu
re;
wast
e
dis
pos
al
site
s; d
eep
wel
l i
njec
tion
faci
liti
es,
aba
ndo
ned
well
s,
tile
dra
ina
ge,
sur
cha
rge
d
com
bin
ed
sew
age
out
ﬂow
s;
faul
ty
sept
ic s
yst
ems
; t
ren
che
s,
dit
che
s a
nd
tunn
els;
and
pet
rol
eum
sto
rag
e fa
cili
ties
. E
ver
y a
ddi
tio
nal
pun
ctu
re
of i
mpe
rme
abl
e s
ubs
urf
ace
laye
rs
prov
ides
a ro
ute
for
poll
utan
ts t
o en
ter
deep
er,
ofte
n mo
re
exte
nsiv
e aq
uife
rs.
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3.0
GR
OU
ND
WA
TE
R
CO
NT
AM
IN
AT
IO
N
IS
SU
ES
IN
TH
E
GR
EA
T
LA
KE
S
BA
SI
N
The
fol
low
ing
are
sel
ect
ed
gro
und
wat
er
issu
es t
hat
illu
stra
te t
he p
oten
tial
for
con
tam
ina
tio
n o
f t
he
Gre
at
Lak
es
Bas
in
Eco
sys
tem
.
Bec
aus
e o
f d
iff
icu
lti
es
in
obt
ain
ing
reg
ion
al
dat
a f
or
the
bas
in
(in
ma
ny
cas
es
it s
imp
ly
doe
sn’
t e
xis
t),
nat
ion
al
fig
ure
s h
ave
bee
n
inc
lud
ed
to p
rov
ide
a s
ens
e o
f t
he m
agn
itu
de
of t
hes
e is
sues
.
3.1 Hazardous Waste Sites
Haz
ard
ous
was
te
site
s a
re a
maj
or
sou
rce
of
gro
und
wat
er
con
tam
ina
tio
n i
n th
e G
rea
t
Lak
es
bas
in.
The
full
ext
ent
of
the
con
tam
ina
tio
n i
s n
ot
qua
nti
ﬁab
le
bec
aus
e a
ddi
tio
nal
haz
ard
ous
was
te
site
s a
re
con
tin
ual
ly
bei
ng
dis
cov
ere
d,
and
the
nat
ure
and
qua
nti
ty
of
con
tam
ina
nts
at m
ost
was
te
site
s h
as
not
bee
n d
ete
rmi
ned
(Fi
gur
e 3
.1.
1).
Gro
und
wat
er
tra
nsp
ort
of
ind
ust
ria
l s
olv
ent
s (
inc
lud
ing
TC
E,
PC
B a
nd
car
bon
tet
rac
hlo
rid
e)
fro
m a
haz
ard
ous
was
te
site
nea
r W
hit
e L
ake
, M
ich
iga
n (
adj
ace
nt
to
Lak
e M
ich
iga
n)
is a
maj
or
sou
rce
of
sur
fac
e w
ate
r a
nd
gro
und
wat
er
pol
lut
ion
in
the
Ar
ea
of
Con
cer
n (
AOC
).5
8
The
Nia
gar
a R
ive
r,
ano
the
r A
OC
,
is l
ine
d w
ith
haz
ard
ous
was
te
site
s e
sti
mat
ed
to
con
tri
but
e
mor
e t
han
600
pou
nds
(27
2 k
g)
of
tox
ic
che
mic
als
per
day
to
Lak
e O
nta
rio
via
the
Nia
gar
a
Riv
er.
59
So
me
21
5 k
no
wn
haz
ard
ous
was
te
sit
es
are
in
Nia
gar
a a
nd
Eri
c c
oun
tie
s o
f N
ew
Yor
k S
tat
e,
164
of
whi
ch
are
loc
ate
d w
ith
in
mil
es
(5
km
) o
f t
he
Nia
gar
a R
ive
r.6
0
The
se
inc
lud
e t
he
inf
amo
us
Hy
de
Par
k,
S-A
rea
, L
ove
Can
al
and
102
nd
Str
eet
lan
dﬁl
l s
ites
, w
hic
h
are
kn
ow
n t
o c
ont
rib
ute
con
tam
ina
nts
to
gro
und
wat
er
ﬂow
ing
int
o t
he
Nia
gar
a R
ive
r.3
3
Wit
h t
he
pro
hib
iti
on
or
lim
ita
tio
n o
n t
he
man
ufa
ctu
re
and
use
of
ma
ny
per
sis
ten
t
che
mic
als
in
the
197
0s,
the
lev
els
of
the
se
com
pou
nds
—-
inc
lud
ing
Mir
ex,
Chl
ord
ane
,
diel
drin
and
DD
T -
- we
re
exp
ect
ed
to d
ecl
ine
in t
he G
rea
t L
ake
s e
cos
yst
em.
How
eve
r,
bot
h
Lak
e O
nta
rio
tro
ut
and
sme
lt
tis
sue
sam
ple
s c
ont
ain
ed
mor
e M
ire
x i
n 1
991
tha
n t
hey
did
in
197
8 a
nd
198
0 r
esp
ect
ive
ly.
Bet
wee
n 1
984
and
199
0 f
or
sme
lt
and
198
6 a
nd
199
0 f
or
tro
ut
tis
sue
, t
he
con
ten
t o
f M
ire
x i
ncr
eas
ed
fou
r—f
old
, b
efo
re
a s
mal
l d
ecl
ine
in
199
1 s
amp
les
(Figure 3.1.2).
Th
e b
ed
ro
ck
of
the
Nia
gar
a F
ron
tie
r a
nd
the
wes
ter
n L
ak
e O
nta
rio
bas
in
con
tai
ns
a
com
ple
x i
nte
rse
cti
ng
net
wor
k o
f f
rac
tur
es,
tec
ton
ic
fau
lts
and
kar
sti
c a
qui
fer
s,
and
the
Lak
e
Ont
ari
o b
asi
n i
s a
lso
a r
egi
on
of
int
erm
itt
ent
ear
thq
uak
e a
cti
vit
y.6
1
Gro
und
wat
er—
bor
ne
tox
ic
con
tam
ina
nts
em
an
at
in
g f
ro
m
haz
ard
ous
was
te
rep
osi
tor
ies
ma
y
ha
ve
inﬁ
ltr
ate
d t
his
ne
tw
or
k
and
are
pro
bab
ly
ent
eri
ng
Lak
e O
nta
rio
via
dis
cha
rge
s t
o t
he
Nia
gar
a R
ive
r (
Fig
ure
3.2
.1)
and
dir
ect
ly
via
upw
ell
ing
s t
hro
ugh
litt
oral
lak
e b
ott
om
sed
ime
nt.
Pas
t u
sag
e,
for
mer
was
te
dis
pos
al
pra
cti
ces
, a
nd
the
con
tin
ued
pre
sen
ce
of
the
se
was
tes
iii
§i_t
g w
ill
con
tin
ue
to
pol
lut
e
the
wat
er.
It
is
not
cer
tai
n w
ha
t e
ffe
ct(
s)
the
se
co
mp
ou
nd
s w
ill
ha
ve
on
the
equ
ili
bri
um
of
this large natural system.
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Figure 3.1.2 Lake Ontario Mirex Concentrations in Lake Trout (Aged
4+) and Rainbow Smelt, 1977-1991
3.2 Chlorinated Solvents
Chlorinated solvents are a class of non-aqueous compounds with a wide range of
industrial use. Methylene chloride, trichloroethane, trichloroethylene (TCE),
tetrachloroethylene (perchloroethylene or PCB) and carbon tetrachloride account for the vast
majority of the 1.5 to 1.75 billion pounds (680 to 800 million kg) consumed annually in the
US.29 It is estimated that only one percent of chlorinated solvents are recovered for re-use,
the remainder either released into the environment directly (94 percent) or used as an
intermediate in the production of other products (5 percent).29 Due to their volatile nature,
much of this loss can be attributed to evaporation, although significant quantities of
chlorinated solvents are introduced to the groundwater environment from leaking storage
tanks, deliberate or accidental spills, and conventional disposal practices. Municipal landﬁlls
also leach chlorinated solvents into groundwater,30 and dry-cleaning operations have been
implicated as a major source of groundwater contamination in most Great Lakes basin
jurisdictions.
Chlorinated solvents are toxic to wildlife and humans, suspected carcinogens, extremely
persistent, are not readily trapped by soil binding processes and can form contaminant
"blobs" in an aquifer, dissolving gradually to pose a long-term pollution hazard.”31 In
addition to being lipophilic (fat soluble) and having a higher speciﬁc gravity than water
-15-
  
(De
nse
No
n-
Aq
ue
ou
s P
has
e L
iqu
ids
or
DN
AP
Ls
),
chl
ori
nat
ed
sol
ven
ts
are
als
o l
ess
vis
cou
s
tha
n w
ate
r.
The
com
bin
ati
on
of
hig
h d
ens
ity
and
low
vis
cos
ity
all
ows
chl
ori
nat
ed
sol
ven
ts
to
rap
idl
y i
nfil
trat
e s
oil
and
con
tam
ina
te
gro
und
wat
er.
31
Mig
rat
ion
pat
ter
ns
are
com
ple
x a
nd
rem
edi
ati
on
is e
xtr
eme
ly
dif
fic
ult
if n
ot
imp
oss
ibl
e w
ith
cur
ren
t t
ech
nol
ogy
.31
Fra
ctu
red
roc
k
aqu
ife
rs
can
bec
ome
con
tam
ina
ted
to
gre
at
dep
ths
by
DN
AP
Ls
,
whi
ch
als
o t
end
to
poo
l
abo
ve
les
s p
erm
eab
le
lay
ers
in
the
sub
sur
fac
e a
nd
pro
vid
e a
con
tin
ued
res
idu
al
sou
rce
of
gro
und
wat
er
con
tam
ina
tio
n.”
32
The
dee
ply
fra
ctu
red
lim
est
one
that
und
erl
ies
the
Nia
gar
a
Reg
ion
pro
vid
es
a d
ire
ct
pat
hwa
y f
or
DNA
PL—
con
tam
ina
ted
gro
und
wat
er
to
mig
rat
e f
rom
haz
ard
ous
was
te
site
s t
o t
he
gor
ge
fac
e,
whe
re
it d
isc
har
ges
and
con
tam
ina
tes
the
Nia
gar
a
Riv
er
and
Lak
e O
nta
rio
(Fi
gur
es
3.2
.1
and
3.2
.2)
.33
Gro
und
wat
er
con
tam
ina
ted
wit
h c
hlo
rin
ate
d s
olv
ent
s i
s w
ide
spr
ead
in
Nor
th
Ame
ric
a
and
the
Gre
at
Lak
es
bas
in
in
par
tic
ula
r.
A
198
2 s
urv
ey
of
gro
und
wat
er
qua
lit
y i
n 3
4 s
tat
es
rev
eal
ed
det
ect
abl
e p
erc
hlo
roe
thy
len
e (
PCE
) c
onc
ent
rat
ion
s i
n 7
.3
per
cen
t o
f s
amp
led
wel
ls.
34
A
sur
vey
of
186
US
. c
omm
uni
ty
gro
und
wat
er
site
s s
erv
ing
mor
e t
han
10,
000
per
son
s d
ete
cte
d T
CE
and
PC
B i
n m
ore
tha
n 1
1 p
erc
ent
of
the
sam
ple
s.3
5
Ext
ens
ive
tri
chl
oro
eth
yle
ne
and
pet
rol
eum
gro
und
wat
er
con
tam
ina
tio
n h
as
bee
n i
den
tiﬁ
ed
at W
urt
smi
th
Air
For
ce
Bas
e,
Mic
hig
an,
whi
ch
is a
dja
cen
t t
o L
ake
Hur
on.
36
Gro
und
wat
er
con
tam
ina
tio
n
by
DN
AP
Ls
in S
mit
hvi
lle
, O
nta
rio
and
TC
E a
nd
PC
B c
ont
ami
nat
ion
in M
ano
tic
k,
Ont
ari
o
has
for
ced
bot
h m
uni
cip
ali
tie
s to
see
k al
tern
ativ
e dr
ink
ing
wat
er
supp
lies
.
Chl
ori
nat
ed
sol
ven
ts a
re u
biq
uit
ous
in c
onv
ent
ion
al
lan
dﬁl
l a
nd
haz
ard
ous
was
te
site
s.
Bec
aus
e o
f t
he
per
sis
ten
ce
of
chl
ori
nat
ed
sol
ven
ts
in
gro
und
wat
er
and
the
ir
gra
dua
l
dis
sol
uti
on t
o th
e a
que
ous
pha
se,
the
y w
ill
pos
e a
con
tin
ued
sou
rce
of p
oll
uti
on t
o tr
ibut
arie
s
and
wat
ers
of
the
Gre
at
Lak
es
for
hun
dre
ds
or t
hou
san
ds
of y
ears
.
Tet
rac
hlo
roe
thy
len
e a
nd
tri
chl
oro
eth
yle
ne
are
hig
hly
bio
ref
rac
tor
y,
and
wh
en
deg
rad
ati
on
doe
s o
ccu
r,
tox
ic
met
abo
lit
es
are
for
med
.
One
of t
hes
e b
rea
kdo
wn
pro
duc
ts
is v
iny
l c
hlo
rid
e,
whi
ch
is a
kno
wn
hum
an
car
cin
oge
n.
Syn
erg
ist
ic
inte
ract
ions
bet
wee
n c
hlo
rin
ate
d s
olv
ent
s a
nd
oth
er
pol
lut
ant
s h
ave
bee
n i
den
tiﬁ
ed,
suc
h a
s t
he
gre
atl
y e
nha
nce
d h
epa
tot
oxi
cit
y (
liv
er
cel
l
toxi
city
) t
hat
resu
lts
fro
m m
ixt
ure
s o
f T
CE
and
car
bon
tetr
achl
orid
e.37
Tri
chl
oro
eth
yle
ne,
per
chl
oro
eth
yle
ne
and
met
hyl
ene
chl
ori
de
are
con
sid
ere
d p
rob
abl
e h
um
an
car
cin
oge
ns
by
the
US. Environmental Protection Agency.
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Fig
ure
s 3
.2.
1 a
nd
3.2
.2
Blo
ck
Dia
gra
m a
nd
Pho
tog
rap
h o
f t
he
Nia
gar
a G
org
e F
ace
Adj
ace
nt
to
the
Hy
de
Par
k
Supe
rfun
d Sit
e, Sh
owin
g a S
prin
g Dis
charg
ing
Cont
amin
ated
Grou
ndwa
ter
to th
e Riv
er
(ph
oto
loca
tion
at
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3.3 Pesticides
Pesti
cides
are w
idel
y us
ed t
hrou
ghou
t the
Grea
t La
kes
basi
n to
prote
ct ag
ricul
tural
crop
s, f
ores
t re
sour
ces
and
woo
d pr
oduc
ts,
tran
spor
tati
on r
oute
s an
d ut
ility
righ
ts o
f wa
y,
and
recr
eati
onal
area
s fr
om
inse
ct,
plan
t an
d fu
ngal
pest
s.
Pest
icid
es u
sed
in th
e Gr
eat
Lak
es b
asin
incl
ude
tria
zine
herb
icid
es (
e.g.
atra
zine
, cy
anaz
ine)
, th
e he
rbic
ide
alac
hlor
,
phe
nox
y a
cid
her
bic
ide
s (e
. g.
2,4
—D)
, o
rga
nop
hos
pho
rus
inse
ctic
ides
(e. g
. m
ala
thi
on)
, a
nd
chl
oro
phe
nol
woo
d p
res
erva
tive
s.
All
are
of c
onc
ern
wit
h re
spe
ct t
o th
e h
eal
th o
f th
e G
rea
t
Lakes Basin Ecosystem.
The
mos
t c
omm
on
pest
icid
es
in t
he U
.S.
are
the
her
bic
ide
s a
traz
ine
and
alac
hlor
,
tog
eth
er
acc
oun
tin
g f
or 2
5 p
erc
ent
of t
otal
pest
icid
e u
se
by
wei
ght
.1
In
Ont
ari
o,
atra
zine
and
meta
lach
lor
are
the
mos
t ab
unda
ntly
used
pest
icid
es,
with
tota
l at
razi
ne a
ppli
cati
on e
xcee
ding
1,04
0,00
0 ki
logr
ams
(2.2
9 mi
llio
n po
unds
) in
1988
, th
e mo
st r
ecen
t ye
ar f
or w
hic
h da
ta i
s
avai
labl
e.2
Wid
esp
rea
d us
e of
herb
icid
es i
n th
e co
rn a
nd s
oybe
an r
egio
ns o
f th
e Gr
eat
Lak
es
basi
n ha
s re
sult
ed i
n ex
tens
ive
gro
undw
ate
r co
ntam
inat
ion.
A s
urve
y of
1,16
6 we
lls
in f
ive
nort
hern
Indi
ana
coun
ties
dete
cted
alac
hlor
and
its m
etab
olit
es i
n 20
perc
ent
of a
ll w
ells
and
in a
bout
one—
thir
d of
driv
en w
ells
.3
A 1
987
U.S.
surv
ey o
f 1,
430
rura
l we
lls
(the
Nati
onal
Ala
chl
or
Wel
l W
ate
r S
urv
ey)
det
ect
ed a
traz
ine
in
12 p
erc
ent
of g
rou
ndw
ate
r s
amp
les
.4
Thi
s
cor
res
pon
ds
wit
h a
rec
ent
sur
vey
of
1,3
00
far
m w
ell
s i
n On
tar
io,
whi
ch
det
ect
ed
atra
zine
(or
its
met
abo
lit
es)
in 1
2 p
erc
ent
of
gro
und
wat
er
samp
les.
5'6
Wis
con
sin
rec
ent
ly b
eca
me
the
firs
t
Gre
at
Lak
es
bas
in j
uris
dict
ion
to r
estr
ict
or p
roh
ibi
t at
razi
ne a
ppl
ica
tio
n in
are
as
wit
h h
igh
susceptibility to groundwater contamination.
Fac
tor
s th
at i
nfl
uen
ce
pest
icid
e m
igr
ati
on t
hro
ugh
soil
s an
d c
ont
ami
nat
ion
of
’
gro
undw
ate
r in
clud
e th
e na
ture
or s
truc
ture
of t
he c
omp
oun
d,
the
geoc
hemi
cal
comp
osit
ion
of t
he s
ubst
rate
, t
he r
ate
of p
esti
cide
appl
icat
ion,
the
rate
of
gro
und
wat
er
rec
har
ge,
the
thic
knes
s of
the
soil
col
umn
abo
ve t
he w
ater
tabl
e, a
nd t
he r
elat
ive
pers
iste
nce
of t
he
chem
ical
in s
urfa
ce a
nd s
ubsu
rfac
e en
viro
nmen
ts.
A m
eth
od o
f ra
ting
the
pote
ntia
l fo
r
cont
amin
ants
to i
nﬁlt
rate
gro
und
wat
er (
the
DRA
STI
C h
ydro
geol
ogic
al m
ode
l) h
as b
een
deve
lope
d an
d pr
ove
n re
liab
le a
t th
e co
unty
or r
egio
nal
leve
l.
An
over
lay
rela
ting
atra
zine
appl
icat
ion
rate
s an
d D
RAS
TIC
scor
es f
or G
reat
Lak
es b
asin
coun
ties
is pr
esen
ted
in F
igur
e
3.3.
1.
Are
as w
ith
high
appl
icat
ion
rate
s of
atra
zine
and
low
susc
epti
bili
ties
to g
roun
dwat
er
cont
amin
atio
n ma
y c
ontr
ibut
e co
nsid
erab
le a
mou
nts
of a
traz
ine
to s
urfa
ce w
ater
s fr
om
runoff.
Onc
e i
n gr
oun
dwa
ter
, m
any
pest
icid
es
and
thei
r me
tab
oli
tes
are
quit
e re
sist
ant
to
che
mic
al
or
bio
log
ica
l de
gra
dat
ion
, t
aki
ng u
p t
o te
n ti
mes
lon
ger
to d
egr
ade
in a
qui
fer
s t
han
in t
illed
soil.
7 E
stim
ates
of p
esti
cide
degr
adat
ion
rate
s in
grou
ndwa
ter
vary
dram
atic
ally
in
the
lite
ratu
re,
prob
ably
as a
resu
lt o
f di
ffer
ent
test
cond
itio
ns.
For
exam
ple,
the
time
requ
ired
for
gro
und
wat
er a
traz
ine
cont
amin
atio
n to
decr
ease
by
half
has
bee
n es
tima
ted
fro
m
1,0
00
day
s t
o 1
,00
0 y
ears
,7-8
dep
end
ing
on
the
spe
ciﬁ
c p
hys
ico
—ch
emi
cal
char
acte
rist
ics
of
the
aqui
fer.
Met
abo
lit
es
can
also
be
toxi
c, b
ut
the
com
ple
x t
ran
sfo
rma
tio
ns
that
occ
ur
in
gro
und
wat
er
sys
tem
s a
re p
oor
ly
und
ers
too
d.
Som
e p
esti
cide
s a
re s
usp
ect
ed
car
cin
oge
ns,
inc
lud
ing
atra
zine
, b
ut h
uma
n a
nd
oth
er e
cos
yst
em
hea
lth
imp
act
s f
rom
chr
oni
c e
xpo
sur
e t
o
low
leve
ls o
f pe
stic
ide
con
tam
ina
tio
n a
re u
nkn
own
.
Ma
xi
mu
m a
llo
wab
le
con
tam
ina
nt
leve
ls (
MAC
Ls)
for
pest
icid
es
in d
rin
kin
g w
ate
r v
ary
dra
mat
ica
lly
amo
ng
juri
sdic
tion
s;
for
atra
zine
, t
he l
evel
s a
re 0
.06
mg/
L i
n O
nta
rio
(un
der
rev
iew
),
0.0
03
mg/
L i
n th
e U
.S.
and
0.0
001
mg
/L
in
Eur
ope
.
Bio
acc
umu
lat
ive
pes
tic
ide
s h
ave
bee
n s
how
n t
o s
eve
rel
y i
mpa
ct
the
Gre
at
Lak
es
foo
d w
eb
whe
n i
ntr
odu
ced
in v
ery
low
con
cen
tra
tio
ns (
suc
h as
DDT
).
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Asi
de
fro
m t
hei
r a
nim
al
tox
ici
ty,
pes
tic
ide
s a
dve
rse
ly
imp
act
aqu
ati
c o
rga
nis
ms
and
vas
cul
ar
pla
nts
.
Her
bic
ide
s a
re
tox
ic
to
phy
top
lan
kto
n a
t l
ow
lev
els
, a
fac
t o
f c
ons
ide
rab
le
imp
ort
anc
e s
inc
e p
hyt
opl
ank
ton
pro
vid
es
the
bas
is
for
mu
ch
of
the
aqu
ati
c f
ood
web
.
In
alg
al
spe
cie
s e
xpo
sed
to
atr
azi
ne,
sub
let
hal
tox
ic
res
pon
ses
suc
h a
s r
edu
ced
gro
wth
(at
0.0
3
mg
/L
)
an
d
re
pr
es
se
d p
ho
to
sy
nt
he
si
s (
at
0.1
mg
/L
)
ha
s b
ee
n
rep
ort
ed.
9
At
ra
zi
ne
con
cen
tra
tio
ns
in
tri
but
ary
ﬂo
w
to
the
Gre
at
La
ke
s (
a c
omb
ina
tio
n o
f s
urf
ace
run
off
an
d
gro
und
wat
er
dis
cha
rge
) p
eri
odi
cal
ly
exc
eed
acc
ept
abl
e l
eve
ls,
esp
eci
all
y f
oll
owi
ng
sto
rms
.2
Giv
en
suc
h e
ven
ts,
alg
ae
and
aqu
ati
c s
pec
ies
of
vas
cul
ar
pla
nts
cou
ld
be
at
ris
k o
f r
ece
ivi
ng
tox
ic
dos
es
of
her
bic
ide
s i
n G
rea
t L
ak
es
em
ba
ym
en
ts
an
d w
etl
and
s a
t t
he
mo
ut
hs
of
tri
but
ari
es.
2
Pos
sib
le
ram
ifi
cat
ion
s o
f t
his
cou
ld
be
exp
eri
enc
ed
thr
oug
hou
t t
he
ent
ire
Gre
at
Lakes food web.
3.4 Nitrate
Sou
rce
s o
f a
gri
cul
tur
al
nit
rat
e i
ncl
ude
ino
rga
nic
/or
gan
ic
fer
til
izer
and
liv
est
ock
was
tes
fr
om
fee
dlo
ts,
an
d d
air
y a
nd
pou
ltr
y f
arm
s.
Mal
fun
cti
oni
ng,
imp
rop
erl
y s
ite
d o
r p
oor
ly
mai
nta
ine
d s
ept
ic
sys
tem
s a
re
ano
the
r m
ajo
r s
our
ce,
esp
eci
all
y i
n h
igh
-de
nsi
ty
sub
urb
an
and
cot
tag
e a
rea
s t
hro
ugh
out
the
Gre
at
Lak
es
bas
in.
Dec
ayi
ng
urb
an
inf
ras
tru
ctu
re,
suc
h a
s
sto
rm
an
d m
uni
cip
al
sew
ers
, a
lso
all
ows
ra
w
se
wa
ge
to
inﬁ
ltr
ate
aqu
ife
rs.
Ove
r t
he
pas
t 6
0 y
ear
s,
agr
ibu
sin
ess
has
bec
ome
dep
end
ent
on
ino
rga
nic
fert
iliz
ers
to
mai
nta
in
hig
h c
rop
yie
lds
des
pit
e d
ecl
ini
ng
soi
l fe
rtil
ity.
Ave
rag
e n
itr
oge
n a
ppl
ica
tio
n r
ate
s
for
far
m f
iel
ds
inc
rea
sed
fro
m 8
lbs
/ac
re
(9
kg/
ha)
in
193
0 t
o 2
83
lbs
/ac
re
(31
7 k
g/h
a)
in
19
80
in
the
U.S
.‘°
Us
ag
e
on
rec
rea
tio
nal
lan
d (
e. g
. g
olf
cou
rse
s),
orn
ame
nta
l o
r s
pec
ial
ty
cro
ps
and
urb
an
law
ns
is m
uc
h h
igh
er
per
uni
t a
rea
tha
n o
n a
gri
cul
tur
al
lan
d.
Nit
rat
e t
hat
is
not
imm
edi
ate
ly
tak
en
up
by
cro
ps
or
sod
is a
vai
lab
le
to
lea
ch
and
sub
seq
uen
tly
mig
rat
e t
o
groundwater.
In
rur
al
are
as,
whe
re
liv
est
ock
was
tes
are
spr
ead
on
cro
pla
nd
but
usu
all
y n
ot
inc
lud
ed
in
fer
til
ize
r r
equ
ire
men
t c
alc
ula
tio
ns,
nit
rat
e m
ay
be
app
lie
d i
n a
mou
nts
in
exc
ess
of
cro
p
nut
rie
nt
req
uir
eme
nts
.
Con
seq
uen
tly
, l
arg
e q
uan
tit
ies
of
nit
rat
e a
re
ava
ila
ble
to
lea
ch
int
o
gro
und
wat
er.
An
ext
ens
ive
sur
vey
of
1,3
00
fa
rm
wel
ls
in
Ont
ari
o i
ndi
cat
es
tha
t g
rou
ndw
ate
r
nit
rat
e c
ont
ami
nat
ion
is c
om
mo
n,
wit
h h
igh
er
lev
els
of
con
tam
ina
tio
n i
n a
rea
s o
f i
nte
nse
agr
icu
ltu
re.
In
the
se
are
as
mo
re
tha
n 2
0 p
erc
ent
of
gr
oun
dwa
te
r w
as
fou
nd
to
exc
eed
the
drinking water objective for nitrate.”
Nit
rat
e c
ont
ami
nat
ion
, e
spe
cia
lly
fr
om
agr
icu
ltu
ral
act
ivi
tie
s a
nd
sep
tic
sys
tem
s,
has
be
en
ass
oci
ate
d w
ith
hu
ma
n a
nd
oth
er
eco
sys
tem
hea
lth
pr
ob
le
ms
an
d i
s c
ons
ide
red
to
be
a
ma
jo
r g
ro
und
wat
er
qua
lit
y i
ssu
e i
n t
he
Gre
at
La
ke
s b
asi
n.
Th
e p
ro
bl
em
is
of
par
tic
ula
r
con
cer
n i
n r
ura
l a
rea
s w
he
re
vir
tua
lly
all
of
the
pop
ula
tio
n r
eli
es
on
gro
und
wat
er
for
its
pot
abl
e w
ate
r s
upp
ly.
Nat
ura
l m
ec
ha
ni
sm
s t
o r
em
ov
e
nit
rat
e (
den
itr
ifi
cat
ion
) i
n s
urf
ace
wat
ers
are
gen
era
lly
. a
bse
nt
in
gr
oun
dwa
te
r s
yst
ems
, a
llo
win
g t
his
con
tam
ina
nt
to
ac
cum
ula
te
.1
3
Hi
gh
nit
rat
e l
eve
ls
in
dr
in
ki
ng
wa
te
r
sup
pli
es
ca
n a
dve
rs
el
y
aff
ect
hu
ma
n
hea
lth
an
d h
av
e
be
en
li
nk
ed
to
pot
ent
ial
ly
fat
al
dis
eas
es
su
ch
as
bl
ue
ba
by
sy
nd
ro
me
an
d
gas
tri
c c
anc
er
du
e t
o t
he
for
mat
ion
of
nit
ros
ami
ne
co
mp
ou
nd
s
in
the
dig
est
ive
tra
ct.
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Levels of nitrate in the Great Lakes themselves, while not at levels of regional
concern, are escalating.
Nitrate-nitrogen levels in Lake Ontario more than doubled between
1968 and 1987 to 377ug/L.
These increasing nitrate concentrations in each of the Great
Lakes show trends which may be a harbinger of future problems (Figure 3.4.1).
-21-
  
1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
l
l
   
     
Figure 3.4.1 Nitrite and Nitrate Concentrations in the Great Lakes
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3.5 Pathogens
Contamination of drinking and recreational water supplies by pathogenic
microorganisms is a significant threat to human health. Enteric bacteria, viruses and
protozoa can infect groundwater supplies through contaminated efﬂuent from septic systems,
field application of poultry and other livestock waste (slurry), burial of animal carcasses and
offal, feedlot waste runoff, land application of municipal sewage and municipal landfill
operations (which accept hospital waste and billions of disposable diapers and feminine
hygiene products annually). Microbial transport studies indicate that subsurface infiltration,
transport and persistence vary considerably depending on the type of organism, the
geochemical composition of the soil, velocity of groundwater ﬂow, and the presence of
fractures or other macropores (such as worm tunnels) that facilitate rapid inﬁltration and
transport of contaminated water.”'2°'21-22 Viruses, which can cause serious illness, are
capable of persisting in the subsurface for months and migrating extensively from their points
of introduction.17 Most pathogenic microorganisms are able to survive for extended periods
of time in the subsurface, where they are shielded from surface-related stresses such as
ultraviolet radiation and higher and more variable temperatures?24
Once in groundwater, microbial pathogens are capable of infecting neighbouring
wells, streams and lakes fed by that aquifer. Groundwater thus plays a poorly deﬁned but
potentially signiﬁcant role in the transfer of pathogenic microorganisms to the Great Lakes.
Beach closings and periodic outbreaks of microbial—induced disease are a direct result of
pathogenic contamination of the Great Lakes, though the source of this contamination is often
difﬁcult to determine. Tile drain efﬂuent has been implicated as a cause of microbial
contamination of Great Lakes beaches,”26 and fecal coliform contamination of groundwater
has resulted in coliform levels that exceed current provincial drinking water objectives for 36
percent of Ontario farm wells in the Great Lakes basin.6
Recent outbreaks of cryptosporidiosis, resulting in more than 400,000 cases of
gastroenteritis in Milwaukee, Wisconsin and several hundred in Kitchener, Ontario,
underscore the fact that municipal water treatment does not preclude the possibility of
widespread exposure to pathogenic microorganisms. This is particularly true for viral and
protozoan pathogens, which are more resistant to chlorination than bacterial species.27 A
study of viral persistence in treated drinking water from the Great Lakes system found that
viruses were present in tapwater even though indicator bacteria were not.28 Water—home
viral pathogens can be infective in very small doses (one to ten organisms) and are known to
be causative agents of polio, hepatitis A and various forms of gastroenteritis.17 Since many
cases of viral gastroenteritis go unreported and it is often difﬁcult to link a viral infection to
a specific source, impacts of groundwater-home viral contamination in the Great Lakes
cannot be adequately assessed.
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3. 6 Petroleum
Petr
oleu
m pr
oduct
s, i
nclud
ing
aviat
ion,
auto
mobi
le a
nd d
iesel
fuels
, tra
nsmi
ssio
n an
d
brak
e ﬂu
ids,
and
vari
ous
orga
nic
and
synt
heti
c lu
bric
ants
are
a ma
jor
cont
amin
ant
of
grou
ndwa
ter
in th
e Gre
at L
akes
basin
. Th
ese
subst
ance
s are
intr
oduc
ed to
the s
ubsu
rfac
e
from
leaki
ng st
orage
tanks
and
pipel
ines,
spills
, an
d im
prop
er us
e an
d dis
posal
of us
ed
petr
oleu
m pr
oduct
s. P
etro
leum
reﬁn
erie
s are
a sig
nific
ant s
ourc
e of
grou
ndwa
ter
cont
amin
atio
n, a
s is
the c
ase
at th
e Am
oco
Reﬁn
ery
in Wh
itin
g, I
ndia
na (i
n the
Gran
d
Calu
met
Area
of Co
ncer
n) w
here
17 m
illi
on ga
llons
(64 m
illio
n lit
res)
of p
etro
leum
are
ﬂoat
ing
on t
he wa
ter
table
,38 a
n am
ount
whic
h gre
atly
exce
eds
the v
olum
e of
the E
xxon
Vald
ez sp
ill.
Betw
een
30 a
nd 5
0 mi
llio
n gal
lons
(115
to 1
90 m
illi
on li
tres)
are e
stim
ated
to
pol
lut
e g
rou
ndw
ate
r a
cro
ss
the
ent
ire
Are
a o
f C
onc
ern
.”
The
impr
oper
use
and
dispo
sal o
f was
te m
otor
oil a
nd u
sed
oil ﬁ
lters
is a
signi
ﬁcant
sour
ce o
f gr
ound
wate
r co
ntam
inat
ion.
In O
ntar
io,
40 m
illi
on l
itres
(10.
5 mi
llio
n U.
S.
gallo
ns) a
re d
umpe
d in
to se
wage
syst
ems
ever
y yea
r.39
In th
e U.
S.,
28 m
illio
n bar
rels
(882
milli
on ga
llons
or 3
,338
mill
ion l
itres)
of wa
ste
oil a
re pr
oduc
ed e
ach
year,
49 p
erce
nt of
whi
ch i
s ei
ther
used
as a
dust
supp
resa
nt o
n gr
avel
road
s or
has
an u
nkn
own
fate.
40 S
pent
oil
is a
lso
used
for
wee
d an
d in
sect
cont
rol,
or i
s di
spos
ed o
f in
land
ﬁlls
, gr
avel
pits,
vaca
nt l
ots
or st
orm
sewer
s.
Used
auto
mobi
le o
il ﬁl
ters,
the m
ajor
ity
of wh
ich
end
up i
n mun
icip
al
landﬁ
lls,
hold
abou
t eig
ht ou
nces
(235
ml)
of w
aste
oil.“1
Used
moto
r oil
is a
repos
itory
for
lead,
zinc,
phos
phor
ous,
vana
dium
, ba
rium
, ca
dmiu
m, a
rseni
c, b
enze
ne a
nd o
ther
elem
ents
or compounds that form in internal combustion engines.
Appr
oxim
atel
y 40
0,00
0 le
akin
g un
derg
roun
d st
orag
e ta
nks
(LUS
Ts)
exist
in th
e
U.S.
and
40,0
00 i
n Can
ada,
”43
each
with
the p
otent
ial t
o con
tami
nate
huge
volu
mes
of
grou
ndwa
ter.
Thir
ty-ﬁ
ve p
erce
nt of
all u
nder
grou
nd s
tora
ge t
anks
(UST
s) a
re lo
cated
at
gas
stat
ions
43 (
Figu
re 3
.6.1
), w
hile
tran
spor
tati
on b
usin
esse
s (a
ir,
wate
r, r
ail
and
road
),
insti
tutio
ns, f
arms
, ind
ustri
es an
d mi
litar
y bas
es ac
coun
t for
the m
ajor
ity
of th
e re
main
ing
UST
users
. T
he U
.S.
EPA
estim
ates
that
25 p
erce
nt of
all u
nder
grou
nd s
torag
e tan
ks ar
e
leak
ing,
44 d
ue t
o ca
rele
ss b
ackﬁ
llin
g pr
acti
ces
(esp
ecia
lly
rela
ted
to t
he s
ubsu
rfac
e pl
umb
ing
conn
ecti
ng th
e US
Ts t
o the
pump
s),
frost
heav
ing
and
corr
osio
n of
unpr
otec
ted
steel
tanks
and
pipes
. A
tiny
gasol
ine
leak
of ju
st on
e to
two
drop
s pe
r se
cond
can
disc
harg
e mo
re t
han
35 i
mperi
al ga
llons
(132
litres
) per
mont
h, w
hich
can
cont
amin
ate m
ore
than
120
milli
on
gall
ons
(454
mill
ion
litre
s) o
f gr
ound
wate
r wi
th d
etec
tabl
e co
ncen
trat
ions
of b
enze
ne.“
45
In
the
1976
—197
9 U.
S. E
nvir
onme
ntal
Prot
ecti
on A
genc
y Na
tion
al O
rgan
ics
Moni
tori
ng S
urve
y,
ben
zene
was
dete
cted
in 5
perc
ent
of a
ll g
roun
dwat
er s
ampl
es.
Due
to i
ts l
ow v
isco
sity
,
gaso
line
migr
ates
thro
ugh
soil
s tw
o to
thre
e ti
mes
fast
er t
han
wate
r, t
hus
faci
lita
ting
rapi
d
inﬁltration of this contaminant to the water table.46
The
dev
elo
pme
nt o
f ne
w g
asol
ine
addi
tive
s an
d fo
rmul
atio
ns i
n re
spon
se t
o ra
pidl
y
chan
ging
auto
moti
ve p
erf
orm
anc
e an
d em
issi
on s
tand
ards
are
an e
mer
gin
g th
reat
to
gro
undw
ate
r qu
alit
y, s
ince
man
y n
ew
fuel
s co
ntai
n to
xic
com
pou
nds
(e. g
. me
than
ol).
Ben
zen
e,
tol
uen
e,
eth
yl
ben
zen
e a
nd
xyl
ene
(BT
EX
com
pou
nds
) a
cco
unt
for
20-
24
per
cen
t
of t
he t
otal
vol
ume
of g
asol
ine.
“7
The
se f
our
com
pou
nds
are
of p
arti
cula
r co
ncer
n be
caus
e
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 they are soluble in water and partition out of the hydrocarbon layer (LNAPLs, which ﬂoat on
the water table) to infiltrate the entire aquifer.47 These pollutants cannot be removed by
conventional drinking water treatment methods and are persistent in the reduced oxygen
conditions present in groundwater systems.“ Benzene is a known humancarcinogen (group
A), while exposure to toluene, ethylbenzene and xylene have been linked to central nervous
system disorders, and liver and kidney impairment.49
Vent Pipes
Figure 3.6.1 A Typical Underground Storage Tank Facility
3. 7 Radionuclides
Radionuclides in Great Lakes basin groundwater have anthropogenic and natural
sources. Anthropogenic uranium and those products formed by the decay of uranium are
present in groundwater due principally to uranium mining in Wisconsin, Minnesota and
Ontario. Uranium also occurs naturally, and is especially prevalent in deep aquifers.
Uranium undergoes a natural decay process in which other radionuclides are produced.
One of the dangerous uranium daughters is radon, the most volatile transuranic
element which is often present in groundwater and organic soils in the Great Lakes basin.
The Columbus and Delaware limestone units in Ohio are associated with high aquifer radon
content, averaging 1,186 pCi/L. High radon levels indrinking water have been linked to a
doubling of the cancer rate for well users in this area.
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Uranium mining is a source of radionuclides. Uranium and other radionuclides
chelate with natural or synthetic agents to form soluble complexes.”51 Consequently,
uranium mine tailings are frequent sources of groundwater contamination, such as in the
Elliot Lake and Bancroft areas of Ontario, where many uranium mines are or were located.
Uranium tailings from Elliot Lake mines has increased levels of uranium series radionuclides
in the Serpent River, causing lake sediment and lake water uranium levels in Serpent
Harbour, on Lake Huron, to increase.
Hot spots in Port Hope Harbour sediment, on Lake Ontario, are contaminated with
uranium, radium, thorium and radioactive lead. Contamination is believed to be the result of
waste management practices associated with local radium and uranium reﬁneries.52 Low-
level radioactive waste in the amount of 1.5 million tonnes (1.65 million tons) is buried in
and around Port Hope, which also contributes to high radionuclide levels in the harbour.53
The Port Granby, Ontario waste management site disposes of uranium wastes from the Port
Hope reﬁnery. Radium-226 and uranium are leached from the site and contaminate
groundwater. Groundwater is estimated to transport 25 kg (55 lbs) of uranium from the site
to Lake Ontario every year.5“'55'56 At a low—level radioactive waste site in West Valley, New
York, radioactive wastes were buried until 1975 and wastes are leaching into groundwater
and then to surface water. Radioactive gases are also produced at this site.57
Fifteen nuclear generating stations are located in the Great Lakes basin (Figure 3.7.1). All
produce high-level radioactive waste, which is currently stored onsite. The Palisades and
Donald C. Cook storage sites will both be full by 1995. At Palisades, concrete storage
canisters installed 150 yards (137 metres) from Lake Michigan have recently been approved
for use.
Other sources of radionuclide contamination of groundwater include atmospheric input
of tritium from atomic bomb testing in the 19505 and 19605, the presence of which can be
used to assess groundwater age. There is also concern about past landﬁlling of radioactive
medical wastes. Presently radioactive medical wastes are treated as low-level radioactive
waste, but when nuclear medicine was in its infancy no such provisions were made.
Household smoke detectors, which contain a toxic radioactive material with a half—life of 458
years, are regularly disposed of in municipal landﬁlls.
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3. 8 Deicing Compounds
During winter months, large quantities of deicing compounds are used to maintain
ice—free roads, runways and aircraft. The principal road deicing compound is sodium
chloride (salt), while ethylene and propylene glycol are used to deice airplanes, and mixtures
of urea and ethylene glycol are applied to runways. In 1990, 10 million tons (9.1 million
tonnes) of road salt were spread on U.S. highways, an increase from the 0.5 million tons
(0.45 million tonnes) used in 1947.”’”'17 In Ontario, approximately 1.18 million tonnes (1.3
million tons) of road salt are applied annually.” Approximately 25-50 percent of the salt
applied to roads is leached into groundwater, depending on surface permeability, vegetative
cover and roadside drainage conditions.”'”'19
Groundwater contamination by sodium chloride is extensive in aquifers recharged
from regions where roads are heavily salted. Tributary and groundwater loadings have
contributed to an escalation of chloride concentrations in the Great Lakes. Lake Ontario
chloride levels rose from less than 10 mg/L at the turn of the century to 25 mg/L in the late
19605, remaining relatively constant (23 mg/L in 1986) since then, despite declining
industrial inputs of chloride to the Great Lakes.” Algae are particularly sensitive to changes
in chloride concentrations, with increased levels alteringthe algal ﬂora of a surface water
system by favouring salt tolerant species. Chloride concentrations above 10 mg/L may
produce this effect.”
Some 43.5 million litres (11.5 million U.S. gallons) of aircraft deicing compounds
were used in the U.S. in the winter of 1989—1990, the most recent year for which data are
available.” The use of urea as a deicing agent on runways can contribute to groundwater
nitrate contamination. Large commercial jets require up to 15,000 litres (4,000 U.S. gallons)
of deicing solution for a single deicing operation. Between 50-80 percent of the deicing
solution applied to aircraft falls to the ground, where it can contaminate groundwater if
effective containment measures are not provided.” Groundwater ethylene glycol levels of
415 mg/L have been reported near Ottawa International Airport. Technical grade ethylene
glycol is contaminated with 1,4-dioxane, a potential human carcinogen, which is very mobile
and persistent in groundwater.” However, the most extensively documented impact of glycol
is the depletion of available oxygen, since these compounds greatly increase biochemical
oxygen demand (BOD). Even when highly diluted, solutions of these compounds exhibit a
BOD5 rating that is many factors greater than that associated with raw domestic sewage.”
3.9 Heat Pumps
Ground source heat pumps have recently gained popularity as an inexpensive and
efﬁcient method to heat and cool buildings. Closed loop systems, which account for 44
percent of heat pump systems used in Ontario, continually recirculate a heat absorbing media
such as methanol or propylene glycol through a subsurface plumbing system and back into
the building’s heat exchanger. Open loop systems use groundwater as the heat exchange
medium, with spent water being discharged to surface water courses, sewage systems, or
back to the aquifer through injection wells (Figures 3.9.1 & 3.9.2).
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 4.0 GENERAL CONCLUSIONS/OBSERVATIONS
1.
There is an immediate need to reduce the degree of uncertainty concerning the
\
nature, extent and significance of groundwater contamination in the Great Lakes
Basin Ecosystem. Important areas requiring additional attention are:
the role of speciﬁc geologic and anthropogenic groundwater conduits in
transporting groundwater and contaminants to the Great Lakes;
an assessment of the nature and quantity of contaminants stored in hazardous
waste sites, the extent of groundwater contamination resulting from these
wastes, and associated risks to the Great Lakes ecosystem;
the need to monitor recent increases in Mirex and other contaminants in ﬁsh
and sediments in Lake Ontario and assess the relative contribution of
hazardous waste sites and any other possible sources;
the cumulative impact of human activities on regional groundwater resources
in the Great Lakes basin;
the need for fundamental research concerning persistence, transport and fate of
pathogens and contaminants in and through groundwater aquifers;
the location and signiﬁcance of groundwater aquifers containing elevated levels
of radon.
2.
There is a long-term need to develop the capacity and expertise to understand
and assess groundwater issues. Governments, universities and industries are
encouraged to give greater priority to ensuring that the human resources and
expertise are adequate to meeting this challenge.
3.
Many land use practices pose a significant risk to groundwater quality and
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resources.
These practices need to be further assessed and modified as
appropriate. Examples include:
the potential to reduce pesticide application rates and pesticide use for purely
aesthetic or cosmetic purposes;
the potential to reduce fertilizer losses by better calibration of fertilizer
application rates with crop nitrate requirements;
the potential to use alternative deicing compounds, especially in areas
susceptible to groundwater pollution;
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the potential to divert/reduce pathogen containing discards (such as
disposables, carcasses and feces) from interim landfill sites not designed to
contain such wastes;
the potential to reduce the risks of groundwater contamination from
underground storage tanks;
the potential to reduce the risks of groundwater contamination as a result of
increased use ofgroundwater—source heat pumps in the basin.
4. A number of management actions to protect groundwater quality and resources
are to be encouraged. Included are:
the promulgation/implementation of effective well-head protection legislation in
Great Lakes basin jurisdictions;
increased attention and remediation of hazardous waste sites on the highly
fractured bedrock of the Lake Ontario basin, the Niagara Frontier and other
geologically similar areas;
the development and standardization (or rationalization) of drinking water
maximum contaminant levels and maximum acceptable concentrations for
pesticides and other persistent toxics in basin jurisdictions;
the regular inspection, maintenance and, where required, replacement with
alternate systems of existing and future septic systems, especially those
adjacent to surface water bodies and aquifers vulnerable to groundwater
contaminations in the basin.
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